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In recent years, foreign exchange reserves in China have increased 
dramatically. In 2010, it already reached 3.8 trillion dollars. However, on one 
hand, as the financial crisis and European debt crisis aggravated, this large 
amount of foreign exchange reserves is depreciating in value; On the other hand, 
the portfolio structure of foreign exchange reserves in China is quite unbalanced: 
according to domestic scholars' estimation in China, 70% of reserve assets are 
invested in U.S. bonds. With an increasing amount of foreign exchange reserves 
and a decreasing value in American assets, China faces a difficult question about 
how to manage the large amount of foreign exchange reserves and how to make 
a better portfolio management for international reserves. Making a balance 
between safe motivation and profit motivation is worth to be paid attention to.  
In this paper, I consider this question as a portfolio management question, 
about making the large amount of foreign exchange reserves more profitable 
with risk aversion. This paper is based on the Merton Model to deal with the 
optimal portfolio of foreign exchange reserves' investment and optimal 
consumption for precautionary and transaction motivation. I considered four 
main countries according to the international trade partners and international 
status in financial markets. For each country, I selected four kinds of 
government bonds which differ in duration. Risky assets in different currency 
V 
 
are related to exchange rate variability. After calculation, I did regression to 
show the relationship between the optimal weight of government bond and yield, 
risk and exchange rate variability respectively. It gives implications about 
adjusting investment weight as the government bonds' yield and risk change 
from the economic perspective. 
Chapter 1 gives the background and necessity of studying portfolio 
management of foreign exchange reserves, the literature review and case studies 
about other countries' actions and what China has already done. Chapter 2 
introduces the modified Merton model and provides its optimal solutions. 
Chapter 3 uses monthly data from 2004 to 2010 to test whether the modified 
Merton model is applicable in real works. After regression of all optimal 
portfolio sets, I show the relationship between the optimal investment weight 
and yield, risk and other asset's yield and risk respectively. Based on the 
estimated yields of government bonds, Chapter 4 forecasts how to make 
adjustment of investment weight in order to obtain higher profits. Chapter 5 




Keywords: Optimal investment weight, Merton model, Risk aversion
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Chapter 1  Introduction 
 
The International Monetary Fund’s (IMF) Balance of Payments Manual (1993) 
contains the following definition of foreign exchange (FX) reserves: “Reserve 
assets consist of those external assets that are readily available to and controlled 
by monetary authorities for direct financing of payments imbalances, for 
indirectly regulating the magnitude of such imbalances through intervention in 
exchange markets to affect the currency exchange rate, and/or for other 
purposes.” 1 Reserve assets comprise monetary gold, foreign exchange assets 
and other claims in foreign currency. According to this definition, the FX 
reserves are used as a payment method, such as offsetting international trade 
surplus for China’s case and paying for external debts. It is also used as an 
intervention method to keep the exchange rate of domestic currency stable.  
 
1.1 Background 
Emerging countries have built up large stockpiles of foreign exchange (FX) 
reserves in recent years. Since 1995, as shown in Fig.1-Foreign exchange 
reserves in the world from 1995 to 2010, FX reserves held by developing 
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countries have increased almost thirteen times- 6.8 trillion US dollar by 2010. 
Especially in China, as shown in Fig.2-Foreign exchange reserves in China, in 
2010, the FX reserves reached 3.1 trillion dollars, which amount to 50% of that 
in all emerging and developing countries. 
  The increase in Chinese FX reserves has arisen from sizable surplus in both 
current and capital accounts. Surplus in the current account in China is not 
surprising given that the country has been continuously running trade surpluses 
since the 1990s. The level of the surplus became much larger in 2006 and 
onwards-partly thanks to China’s joining the WTO in 2001. FDI inflow has also 
been far more than capital outflow in China. Since 2005 when the Chinese 
government implemented the new, more flexible exchange rate policy, it 
effectively induced an increased amount of foreign capital inflow to China. A 
large proportion of it was reported to be speculative international capital.
2 
This 
large amount of FX reserves has made significant influences on balancing 
international trade, paying for external debts and stabilizing exchange rates. 
However, does it follow that all developing countries will get benefit from 
increasing their cushion of international reserves? Or is the increasing 
international reserves a good signal that these countries are safe borrowers? 
China faces a dilemma in this situation: increasing inflation, which means an 
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increasing price level, falling supply of goods for the domestic market, and 
depreciating RMB; and increasing FX reserves, which means more export than 
import. Besides, Morrison and Labonte (2008) estimated that, by type of 
currency, 60-70% of the reserves are invested in US dollars.
3
 This imbalance of 
currency structure of FX reserves will also cause big problems. On one hand, 
besides the global financial crisis in 2008, the European debt crisis has caused a 
big loss of FX reserves in China. Specifically, American financial crisis and 
European debt crisis would make U.S. dollars and Euro depreciate. It is a big 
shrink in the value of China's FX reserves. According to the report by Takagi 
and Hicklin (2007), if the U.S. dollar depreciates by 25%, the holders of U.S. 
bonds will lose 10% of the U.S.’s GDP.4 On the other hand, focusing on USD 
will expose reserves to a higher risk and increase the opportunity cost of FX 
reserves. 
This thesis makes two contributions. Firstly, it incorporates investment 
motivation in FX reserves’ studies and regards Central Bank of China as risk 
averter pursuing higher profitability. Based on the Merton Model, it calculates 
the optimal portfolio of FX reserves' investment. Secondly, I selected four 
currencies according to the international trade partners and international status 
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in financial markets. For each currency, I chose four kinds of government bonds 
which are different in duration. The relationship between two risky assets in 
different currencies is influenced by exchange rate variability. After calculation, 
I ran regression to show the specific relationship between the optimal weight of 
government bonds and yield, risk and exchange rate variability respectively. It 
gives implications about adjusting investment weight, as the government bonds' 
yield and risk change from the economic perspective. 
 
1.2  The Literature Review 
There are many studies about the optimal international reserve holdings for 
many years. Triffin (1960) provided the import ratio analysis method in FX 
reserves studies, using the ratio of international reserves to import to decide the 
optimal reserves holdings. He concluded that the optimal reserves holdings 
should meet three months’ import after empirical analysis. But this method 
neglected other determinants affecting FX reserves. Heller and Knight (1978) is 
the first one to use the cost-benefit analysis to study FX reserves. They 
determined the optimal stock of reserves in terms of a rational optimizing 
decision that involves equating the marginal cost and marginal benefit of 
holding reserves,
 
but they neglected the capital flow. Frenkel and Jovanovic 
(1981) developed a theoretical model based on the principles of inventory 
5 
 
management to determine the optimal stock of reserves. Flood and Marion 
(2002) proved that the reserves are useful in emerging market countries even in 
an era of high capital mobility.
  
Ramachandran (2004) mentioned that in India, 
the reserves demand is predominantly determined by the opportunity cost than 
the reserves volatility. It is in stark contrast to the overall evidence of the 
emerging market economies, whose reserves demands increase with a fall in the 
opportunity cost. Kenen and Yudin (1965) used income per capita as a proxy for 
opportunity cost,
 
Frenkel and Jovanovic (1981) selected the domestic interest 
rate as a proxy.
 
Hipple (1974) chose the inverse of the gross marginal 
capital-output ratio as a proxy for the opportunity cost of holding reserves. 
Since the data of FX reserves investment are not available, there are few 
publications about the investment of FX reserves. The earlier studies about the 
optimal reserves currency construction were mostly based on the Mean-Variance 
model of Markowitz (1952). He regarded FX reserves as a financial asset. Based 
on the M-V model, Markowitz solved the optimal currency structure and 
optimal portfolio structure.
 
However, it is hard to calculate the covariance of 
different assets in empirical works. Therefore, this method has a lot of 
limitations in real works. Ben-Bassat and Gottlieb (1992) based on the 
Markowitz portfolio model and included sovereign risk to calculate optimal 
reserves structure. Dooley, Lizondo and Mathieson (1989) doubted the 
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Markowitz's theory. They used 93 developing countries' data to show that 
currency structure of FX reserves is affected by transaction motivation. They 
further showed the currency structure is affected by exchange rate regimes, main 
international trade partners and external debts. But their model did not have 
specific data and lots of data were approximately calculated. Papaioannou, 
Portes and Siourounis (2006) suggested that Euro may surpass the dollar as the 
leading international reserve currency.
 
Jeanne and Ranciere (2006) proposed the 
maximum utility intertemporal general equilibrium in FX reserves. They  
suggested that, in a small open economy, a representative consumer allocated 
his wealth among different time and assets to pursue maximum utility, and then 
they got optimal FX reserves.
 
 
1.3  Case Study 
In the past literatures, most central banks' objectives of holding reserves are to 
prevent crisis, provide confidence to markets and serve as a buffer to manage 
exchange rate variability even in some countries with a floating exchange rate 
regime, such as Korea, Brazil and UK. These reserves provided a line of defense 
against sudden stops of capital flows, balanced international transactions and 
stabilized exchange rate and currency. Only a few countries hold a portion of the 
reserves as an investment fund primarily to enhance national wealth.  
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IMF Annual Report (2007) gave some examples in this regard. Norway has 
indicated that, over the years, the objectives of FX reserves to fund intervention 
and immunization of government foreign debt have become less important. The 
more important objective of managing FX reserves has become one that invests 
FX reserves as national wealth to earn higher returns. Hong Kong SAR manages 
a part of the Exchange Fund assets in an investment portfolio to preserve the 
long-term purchasing power of the Exchange Fund's value for future generations. 
They emphasize the importance of liquidity and security, as well as 
maximization of income or reduction in costs subject to these constraints. 
Another objective of reserves management is to assist the authorities to gain 
access to valuable information through interaction with financial markets, which 




The global ranking for holding reserves is Japan, China, Taiwan, Hong Kong 
and South Korea. Take Korea as an example, Aizenman, Lee and Rhee (2007) 
mentioned that one group contends that Korea's reserves are “excessive” and has 
proposed the amounts beyond the optimal level should be invested abroad. But 
the Bank of Korea, which is currently in charge of managing the reserves, 
argues that a small, open economy like Korea must accumulate sufficient FX 
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reserves to cope with unexpected occurrences like the financial crisis in 1997. 
Singapore's active FX reserves management is allocated among three 
institutions: Singapore MAS (Monetary Authority of Singapore) is in charge of 
currency assets and used to administer FX reserves market. GIC (the 
Government of Singapore Investment Corporation) founded in 1981 is a 
professional FX reserve management institution which focuses on the fixed 
income investment. The average nominal return is 9.5% annual. When adjusted 
for inflation, the real annual return is 5.3%. Temasek focuses on using FX 
reserves to invest in international finance and hi-tech industries, yielding a 
nominal annual return around 18% but with a high risk. 
The lessons from GIC are as follows. Firstly, with risk aversion, GIC invested 
in the fixed return securities and stocks, which is acceptable for China. Secondly, 
the purpose of active FX reserves is to maintain the Fund's international 
purchasing power. GIC, in the circumstance permitted by the provisions and 
restrictions, is to obtain the highest possible return on investment. In order to 
maintain FX reserves of international purchasing power more specifically, the 
GIC set the inflation rate of major industrial countries as a basic reference 
standard to measure performance. Thirdly, GIC has tight risk control. As long as 




China has implemented diversified strategies to manage FX reserves in recent 
years. Investment strategy of State Administration of Foreign Exchange (SAFE) 
has been traditionally conservative. It is not surprising given that as a reserve 
manager, the main concerns are safety and liquidity. However, in the light of 
rapid accumulation of FX reserves in China, particularly over the past 10 years, 
SAFE has become gradually more active. The main reason is that conservative 
management of the reserves creates huge opportunity cost, if they continue to be 
invested in low-risk-low-return government bonds. Referring to the experience 
of Singapore (GIC), in July 2007, China Investment Corporation (CIC) was 
founded. It is a professional institution that administer the FX reserves’ 
investment. The responsibility of China Investment Corporation is to preserve 
and increase the value of state property. By 2011, CIC has already invested 110 
billion U.S. dollar oversea. Since the financial crisis, China did not get the 
expected return, but founding CIC may be justifiable. 
Therefore, it is important to study the optimal investment structure for better 
management since better portfolio management will increase the return of 






Chapter 2  The Model 
 
The Merton model concerns allocating wealth among current consumption, 
investment in a sure or riskless asset‚ and investment in a risky asset in the 
absence of transaction costs. It is a stochastic optimal control problem with one 
state variable and two control variables. It is also one kind of portfolio 
management problem with a hypothesis that the behavior of asset prices is the 
random walk of returns or (in its continuous-time form) the geometric Brownian 





2.1  Preliminary 
The Merton model assumes that asset prices follow the Brownian motion. 
Wiener process is a continuous-time stochastic process. It is often called 
standard Brownian motion.  
Definition 1
7
: Let ( , , )F   be a probability space. For each  , suppose 
there is a continuous function ( )W t , of 0t   that satisfied (0) 0W   and that 
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depends on  . Then ( )W t , 0t  , is a Brownian motion  if for all 
0 10 t t  ,mt  the increments W(t1)=W(t1)-W(t0), W(t2)-W(t1),…, 
W(tm)-W(tm-1) are independent and each of these increments is normally 
distributed with    1 0i iE W t W t      and    1 1i i i iVar W t W t t t      . 
According to the definition of Brownian motion and the Merton model 
assumption, risky assets should follow the Brownian motion with the zero mean 
and only time related variance. In order to deduce the reserve motion equation, 
Shreve (2004) used Brownian motion to construct a diffusion process of wealth 
( )W t .
 
In our model, we construct reserve motion ( )R t  as a diffusion process:  
( , ) ( , ) .dR g t R dt t R dz   
For stochastic optimal control problems, Ito’s lemma is very important. 
Kamien, and Schwartz (1991) contained the contents of Ito process and formula.  
Definition 2: Ito process is defined as the solution to the stochastic differential 
equation,    , ,dP f P t dt g P t dz  , where P, f  and g are n vectors and ( )z t  is 
an n vector of  standard normal random variables. Then ( )dz t  is called a 
multidimensional Wiener processes (or Brownian motion). 
Lemma 1
8
: Ito’s lemma: Let  1, ,F P Pn t  be a 2C  function defined 
on  0,RnX   and take the stochastic integrals 
0
( ) (0) ( , )
t
i i iP t P f P s ds    
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( , ) ,
t
i ig P s dz 1,...,i n . Then the time-dependent random variable Y F is a 

























  where the product of  the differentials idP  and jdP  
are defined by the multiplication rule i j ijdz dz dt   and 0idz dt  , 
, 1,... ,i j n  where ij  is the instantaneous correlation coefficient between the 
Wiener process idz  and jdz . 
Lemma 2
9
 Ito’s formula: dz is the differential of  a standard Brownian motion. So 
0dt dt  ; 0dt dz  ; dz dz dt  .Therefore ( )dz t  is a normal distribution 
with a mean of  0 and a variance of  dt .  
We can use Ito’s formula to solve a stochastic differential equation 




t R tt t Rd J dt J dR J dt J dtdR      
21 ( ) .
2
RRJ dR  Since ( , ) ( , ) ,dR g t R dt t R dz   
21 ( )
2
t R RRd J dt J dR J dR     
2 21 1( ) ( ) ( )
2 2
t R RR t R RRJ dt J gdt dz J gdt dz J dt J gdt dz J dt             
21( ) .
2
t R RR RJ J g J dt J dz      
  With such preliminaries, we can now introduce the Merton Model. 
2.2  The Merton Model 
In order to use the Merton Model, we need to derive the motion of FX 
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reserves and Hamilton-Jacob-Bellman (HJB) equation. Since we assume all 
assets are risky asset rather than two kinds of assets-a risky asset and a riskless 
asset, the reserve motion and HJB are different from the original Merton Model.  
2.2.1 Derive the motion of reserves and HJB 
The Merton model concerns allocating wealth among current consumption, 
investment in a sure or riskless asset and investment in a risky asset in the 
absence of transaction costs. For a modified Merton model‚ I assume all assets 
are risky, when it comes to riskless assets‚ i  will be equal to 0. In this paper, I 
regard Central Bank of China as a highly risk averse agent. For simplicity, I 
assume a risk aversion coefficient 3  , as is typically assumed in the literature. 
We solve the Merton's portfolio problem by using the stochastic dynamic 
optimization method. For a risky asset ( )iS t , it follows the Wiener Process 
( ) ( ) ( ) ( )i i i i i idS t S t dt S t dz t   , where i  is the yield of asset i and i  is 
the variance of asset i . We assume iw  is the percentage of risky asset i  in 
the whole reserves assets. Therefore, ( ) ( )i iS t w R t  . According to Ito’s 
process, i idz dz dt  , which means the variability of risk assets in the same 
currency is only related to time. i j ijdz dz dt  , where iz  and jz  are 
interrelated, which means the variability of risky assets in different currencies is 












is the ratio of exchange rate j in the 
14 
 
period 1t   to exchange rate i  in the period 1t   and 
tij
e is the ratio of 
exchange rate j  in the period t  to exchange rate i  in the period t . This is 
according to the Covered Interest Parity theory. For consumption ( )C t ‚ it is 
assumed in the Merton Model that ( ) ( )dC t C t dt , where ( )C t is the control 
variable.  
Based on the diffusion definition of reserves ( )R t , the country’s reserves 






( ) ( ) ( ) ( ) ( )
1 1
( ) ( ) ( ) ( ) ( ) ( )
1 1
[ ( ) ( ) ( )] ( ) ( ) ( ).
n n
i i i i i
n n
i i i i i
n n
i i i i i
dR t S t dt S t dz t C t dt
n n
w t R t dt w t R t dz t C t dt
n n












Which means the reserves are used into risky assets investment and 
consumption. 
With the motion equation of FX reserves, we can derive the 






( , ) max [ ( , ) ( ( ), )]
max [ ( , , ) ( , , ) ( ( ), )]
max [ ( , , ) max( ( , , ) ( ( ), )]






t t tC w
t t T
t t t




J R t E U C s ds B R T T
E U C R s ds U C R s ds B R T T
E U C R s ds E U C R s ds B R T T





















max [ ( , ( ), ( )) ( , )]
1




t t R RR
C w
R
E U t R t C t t J t t R R
E U t R t C t t J t R J t J R J R
      




According to Ito’s formula10, 0dt dt  , 0dt dz   and .i j ijdz dz dt   







( ) [( ( ) ( ) ( )) ( ) ( ) ( )]
1
( ( ) ( ) ( ))
n n
i i i i i
n
i i i
R w t R t H t t w t R t z t
n n









Since we want to focus on four countries’ bonds, for n=4, we have 
2 2 2
1 1 1 2 2 2 3 3 3 4 4 42
1
( ) ( )R R w dz w dz w dz w dz
n
        , 
2 2 2 2 2 2 2 2 2 2
1 1 2 2 3 3 4 4 1 1 2 2 1 22
1 1 3 3 1 3 1 1 4 4 1 4 2 2 1 1 2 1 2 3 2 3 2 3
2 4 2 4 2 4 3 1 3 1 3 1 3 2 3 2 3 2 3 4 3 4 3 4
4 1 4 1 4 1
1
( ) (R R w dt w dt w dt w dt w w dz dz
n
w w dz dz w w dz dz w w dz dz w w dz dz
w w dz dz w w dz dz w w dz dz w w dz dz
w w dz dz
     
       
       
  
     
   
    
  4 2 4 2 4 2 4 3 4 3 4 3
2 2 2 2 2 2 2 2 2
1 1 2 2 3 3 4 4 1 2 1 2 12 1 1 3 3 132
1 1 4 4 14 2 2 1 1 21 2 3 2 3 23 2 4 2 4 24 3 1 3 1 31




w w dz dz w w dz dz
R w w w w w w w w
n
w w w w w w w w w w
w w w w w w w w
  
         
              
             

     
    







[ ( )] .
n n n
i i i i j j ij
w w dt
R w w w dt
n

   

   
 
Therefore, 
(1b)                    2 2
2
1
( ) ( ) ,R R f t dt
n





( ) ( ).
n n n
i i i i j j ijf t w w w   

     
Now, plugging equations (1a) and (1b) into (2), we obtain 
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( , ) max { ( , ( ), ( )) ( , ) [ ( ) ( ) ( )]
1 1 1
( ) ( ) ( ) ( ) }.
2
n
t t R i i
c w
n
R i i i RR
J R t E U t R t C t t J t R J t J w t R t C t dt
n

















0 max [ ( , ( ), ( )) [ ( ) ( ) ( )]
1 1 1
( ) ( ) ( ) ( ) .
2
n
t t R i i
c w
n
R i i i RR
E U t R t C t t J t J w t R t C t t
n














0 max [ ( , ( ), ( )) ( ( ) ( ) ( )) ( ).
2
n
t t R i i RR
c w
E U t R t C t J J w t R t C t J R f t
n n
    





[ ( , ( ), *( )) ( ( ) ( ) *( )) ( )],
2
n
t t R i i RRJ E U t R t C t J w t R t C t J R f t
n n
      
where the boundary condition is      J T,R T B R T ,T . 
Let us assume,  
(3)                    ( , , ) ( , ),tU t R C e h R C   
(4)                      ( , ) ( ).tJ t R e V R       
Taking the first order condition of ( , )J t R with respect to t  and R , we acquire 
(4a)                    ( , ) ( ),ttJ t R e V R
      
(4b)                     ( , ) ' ( ) .tRJ t R e V R
    
Then taking the first order condition of ( , )J t R with respect to R , we acquire 
(4c)                         ( , ) ' ' ( ) .tRRJ t R e V R
    
17 
 






( ) max[ ( , ) '( )( ( ) ( ) *( ))
1 1







e V R e h R C e V R w t R t C t
n














( ) ( ).
n n n
i i i i j j ijf t w w w   

     










V R h R C V R w t R t C t V R R f t
n n





( ) ( ).
n n n
i i i i j j ijf t w w w   

     
Therefore, we get the FX reserves motion equation and the HJB equation for 
the Merton model.  
2.2.2 The optimal solution 
The central bank chooses optimal consumption and investment rules to 
maximize its utility. The utility function for central bank is a Constant Relative 
Risk Aversion (CRRA) utility function-
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subjected to a constraint of FX reserves motion 
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 The reserve motion has already deduced in 2.2.1. 
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We take the first order condition with respect to consumption ( )C t  and get 
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countries’ bonds, for 4,n   we get   
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Without loss of generality, we take the first order condition with respect to 
19 
 





'( ) 1 1 1
''( ) ''( ) ( ) 0
2
n
i i i i j j ij ji
V R R
V R R w V R R w
n n n
     

     
Thus, we have   
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Take the second order condition of ( )V R :  
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Plugging equations (8a) and (8b) into (6) and (7), we get  
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Substituting equations (8a), (8b), (6a) and (9) into the HJB function (5) to 
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Plugging equation (10) into (6a), we obtain the optimal consumption and 
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Equation (11) shows that the optimal consumption of reserves is positively 
related to reserves, discounting factor, variance of bonds and exchange rate 
variability. It is reasonable since the high variance of bonds and big exchange 
rate variability all show that investing has higher risk, and consuming is better 
than investing. And it is negatively related to the yields of bond. It makes sense. 
When the yields of bonds increase, people wound more prefer to invest in bonds 
rather than consume. 
21 
 
  Equation (12) shows that the optimal investment weight of bond i is 
positively related to investment opportunities and yields of bond i . And it is 
negatively related to risk aversion coefficient, variance of other bonds, 
investment weight of other bonds, and exchange rate variability of other bonds  
Therefore, equations (11) and (12) are the optimal consumption and optimal 
investment based on the modified Merton Model. The notations in these 
















Chapter 3  Implication 
In this chapter, we need to use empirical analysis in the modified Merton 
model to test whether the modified Merton Model is applicable in the reality. 
3.1  Data source 
China is one of the very few major countries which do not disclose portfolio 
composition data of FX reserves. Since the central bank is a risk averter, 
investing in non US dollar assets is mainly for diversifying currency risk. It is 
likely that non US dollar assets are also concentrated on government or 
sovereign bonds. In this model, all risky assets are government bonds which 
differ in duration. According to different degree of liquidity, I chose four kinds 
of durations, 1 year, 5 years, 10 years, and 20 years. Consider international trade 
partners and safety motivation, I chose four countries-United States, United 
Kingdom, European and Japan and four main currencies, USD, GBP, EURO and 
JPY, respectively. The portfolio set is randomly chosen among USD 1 year‚ 5 
year‚ 10 year, and 20 year, GBP 1 year‚ 5 years, 10 years, and 20 years, EURO 1 
year‚ 5 years‚ 10 year, and 20 years‚ and JPY 1 year‚ 5 years‚10 years, and 20 
years. 
The yields of U.S., Euro, United Kingdom and Japan government bonds are 
calculated by materials provided by the U.S. Department of Treasury, the 
European central bank, Bank of England, and Bank of Japan respectively. 
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In July 2002, Euro had become the official currency. In order to keep 
consistency, I choose the monthly data from January 2004 to December 2010. 
 
3.2  Calculation 
In 2006, China has become the top country by the FX reserves. The ratio of 
FX reserves to GDP is much higher than that of 1999, which was 15%. In 1997, 
the currency share of FX reserves in China was: USD 59%, JPY 12%, European 
currency 12%, and MARK 16%. In 1999, Euro had established. In 2002, the 
currency share of FX reserves in China became USD 55%, JPY 27% and EURO 
6%. In 2008, 60-70% of the reserves are invested in US dollars, 30-20% in Euro 
and 10% in British pounds, Japanese yen and others.
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currencies into the optimal weight equation, we have the expressions as follows: 
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where 
USDiw  is the investment weight of FX reserves in U.S. government bonds, 
USDi  is the yield of U.S. government bonds, USDi  is the variance of U.S. 
government bond and i  is randomly chosen among 1 year, 5 years, 10 years 
and 20 years; GBPjw  is the investment weight of FX reserves in U.K 
government bonds, GBPj  is the yield of U.K. government bond, GBPj  is the 
variance of U.K. government bond and j  is randomly chosen among 1 year, 5 
years, 10 years and 20 years; EUROkw  is the investment weight of FX reserves in 
Euro government bonds, EUROk  is the yield of Euro government bonds, 
EUROk  is the variance of Euro government bonds and k  is randomly chosen 














, 1USDtE   is the USD exchange rate against CNY in the period 1t  , 
1EUROtE   is the EURO exchange rate against CNY in the period 1t  . 
When we transfer it into matrix expression, we have U short for USD, G short 























































































































, where A B C  . 
To use a matrix form, it is easier to run program in the R software. 
 
3.3  Implication 
After running four loops in R software, I get the optimal portfolio sets of FX 
reserves investment. There are 56 portfolio sets. Since the duration change of 
JPY does not affect results much, I list only parts of results in Table 1-Optimal 
Portfolio sets of foreign exchange reserves’ investment.  
For different duration, the optimal investment weight changes. Compare 
Table 1 by columns. For the first column, the weight of USD (69.03%) is 
corresponding to U.S. 20-years government bond in portfolio sets. For the 
second column, the weight of GBP (more than 44%) is corresponding to GBP 
10-years government bond. For the third column, the weight of EURO (more 
than 59%) is corresponding to EURO 5- years government bond. 
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Now, we compare Table 1 by rows. For some portfolio sets, where the weight 
of USD accounts higher than other three currencies, the U.S. government bond 
is 20 years. For some portfolio sets, where the weight of GBP accounts higher 
than other three currencies, the GBP government bond is 10 years. For some 
portfolio sets, where the weight of EURO accounts higher than other three 
currencies, the EURO government bond is 5 years.  
Therefore, we can get some implications as follows, 
1. For long-term bond, U.S. government bond has a higher weight than other 
three countries'. Therefore, for long-term bond investment, USD has an 
advantage. 
2. For mid-term bond, 10 years, GBP government bond has a higher weight. 
Therefore, for mid-term bond investment, GBP has an advantage. 
3. For short-term bond, 5 years, Euro government bond has a higher weight. 
Therefore, for short-term bond investment, Euro has an advantage. 
4. For 1-year bond, JPY government bond has a higher weight. Therefore, for 
1year or less than one year bond investment, JPY has an advantage. 
 
3.4  Factors affecting optimal investment weight 

























optimal investment weight of asset i  is affected positively by the kinds of 
government bonds n  and the average yield of asset i  i . It is also affected 
negatively by the variance of asset i  i , risk aversion  , the variance of other 
assets j , the investment weight of other assets and exchange rate variability 
ij . In order to show the specific relationship between investment weight and 
these factors, I did stepwise regression in STATA, which will eliminate the 
possible multicollinearity problem. Since for linear regression conditions the 
dependent variables should follow normal distribution, I changed the dependent 
variables’ form to satisfy this condition. So USDw is in the log form- USDlog w , 
w JPY is in the form- Sqrt w JPY  
Take USD as an example, the regression equations are as follows, 
USD 0 usd USD 0 usd USD 0 usdlog w a ,log w ,log w                 ₁ ₁v ₁  
USD 0 usd usd USD 0 usd usd usdlog w a v ,log w a v                 ₁ ₂ ₁ ₂ ₃   
USD 0 USD 0 USD 0log w a ,log w ,log wGBP GBP GBP                 ₁ ₁v ₁
USD 0 USD 0log w a v ,log w a vGBP GBP GBP GBP GBP                 ₁ ₂ ₁ ₂ ₃
USD 0 USD 0 USD 0log w a ,log w ,log wEURO EURO EURO                 ₁ ₁v ₁
USD 0 USD 0log w a v ,log w a vEURO EURO EURO EURO EURO                 ₁ ₂ ₁ ₂ ₃
USD 0 USD 0 USD 0log w a ,log w ,log wJPY JPY JPY                 ₁ ₁v ₁
USD 0 USD 0log w a v ,log w a vJPY JPY JPY JPY JPY                 ₁ ₂ ₁ ₂ ₃  
For the notation in regression, I listed in Table 3-List of notation in regression. 
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The yields of government bond are from the Department of Treasury of US, 
Bank of England, the European central bank, and Bank of Japan respectively. 
 The variance of each government bond is calculated by the formula- 
,i t iV r a   where iV is the variance of asset i , tr is the yield of asset i  in 
time t and ia is the average yield of asset i . 
After stepwise linear regression, the results are listed in the Table 2 - 
Regression of investment weight and yield, risk and exchange rate variability. 
From this table, we can get some implications: 
1. If the USD bond yield increases by 1%, then the weight of USD will increase 
by 1.02% and the weight of EURO will decrease by 0.13%; if the USD bond 
variance increases by 1%, then the weight of USD will decrease by 0.29% and 
the weight of EURO will increase by 0.05%. 
2. If the GBP bond yield increases by 1%, then the weight of GBP will decrease 
by 1%; if the GBP bond variance increases by 1%, then the weight of GBP will 
decrease by 0.77%; if the GBP appreciates by1%, then the weight of GBP will 
increases by 0.47%. 
3. If the EURO bond yield increases by 1%, then the weight of EURO will 
increases by 0.64% and the weight of JPY will decrease by 0.49%; if the EURO 
bond variance increases by 1%, then the weight of EURO will decrease by 
0.46% and the weight of JPY will decrease by 0.35%. 
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Chapter 4  Prediction 
 
The real investment situation in China is that 70% of reserve assets are 
invested in U.S. bonds according to some estimation. From the portfolio sets in 
Table 1, 69% of reserves are invested in U.S. bonds. Compared to the reality, the 
estimated results we got are close to the real situation. Since we have already 
got the relationship between investment weight and government bonds’ yields, 
and since the government bonds’ yields have trends, we can predict about the 
investment weight approximately. 
 
4.1  Conclusion 
From Implication part, we can get two conclusions: 
Conclusion1: For long-term bond investment, U.S. bonds have an advantage. 
For mid-term bond investment, United Kingdom government bonds have an 
advantage. For short-term bond investment, European government bonds have 
an advantage. For 1 year or less than one year bond investment, Japan 
government bonds have an advantage. 
Conclusion2: If the USD bond yield increases by 1%, then the weight of USD 
will increase by 1.02% and the weight of EURO will decrease by 0.13%; if the 
USD bond variance increases by 1%, then the weight of USD will decrease by 
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0.29% and the weight of EURO will increase by 0.05%; if the GBP bond yield 
increase by 1%, then the weight of GBP will decrease by 1%; if GBP bond 
variance increase by 1% , then the weight of GBP will decrease by 0.77%; if  
the GBP appreciates by 1%, then the weight of GBP will increase by 0.47%; if 
EURO bond yield increase by 1%, then the weight of EURO will increase by 
0.64% and the weight of JPY will decrease by 0.49%; if EURO bond variance 
increase by 1%, then the weight of EURO will decrease by 0.46% and the 
weight of JPY will decrease by 0.35%; if JPY appreciates every 1%, then the 
weight of EURO will decrease by 2.64%. 
 
4.2  Prediction 
According to the conclusion and yields forecasted by professional institutions, 
we can make prediction about investment weight changes. 
1. Figure 3 shows the long-term U.S. government bond forecast. According to 
the conclusion we made above, if the USD bond yield increases by 1%, then the 
weight of USD will increase by 1.02%. The graph shows that the yield will 
increase which implies the weight of U.S. for long-term investment will increase 
as well.    
2. Figure 4 reveals United Kingdom government bond forecast. According to the 
conclusion we made above, if the GBP bond yield increases by 1%, then the 
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weight of GBP will decrease 1%. The graph shows that the yield of GBP 
decrease which implies the weight of GBP for mid-term investment will 
increase. 
3. Figure 5 illustrates Eurozone government bond forecast. According to the 
conclusion we made above, if the EURO bond yield increases by 1%, then the 
weight of EURO will increase by 0.64% and the weight of JPY decreases by 
0.49%. The graph shows that yields will increase which implies the weight of 















Chapter 5  Limitation 
This thesis provides a new method to study FX reserves investment, but it has 
some limitations that need to improve in the future work. 
Firstly, detailed data about FX reserves are not available on authorized 
websites. Therefore, it is very hard to get the data. If the data are available, the 
results will be more persuasive and more applicable in the real works. 
Secondly, for simplify, I only consider four currencies and one kind of 
security-government bonds that differ in duration. If there are more securities 
taken into consideration, like city bonds, company bonds, stocks and so on, the 
results will be more convincing. For example, CIC has already invested in 
Morgan Staley and Black Stone but suffered a big loss. If this model can include 
company stocks and bonds, it will give more suggestions for such investments. 
Thirdly, this thesis only consider from economic and profit perspective. 
Actually, for central banks, FX reserves are not only accumulated wealth from 
current account surplus and capital account surplus in the international balance 
sheet, but also a competitive power for a country in the international markets. 
Therefore, to make an investment plan, we should take multiple factors like 
political, military and economic into consideration. 
Fourthly, in the Merton Model, we assume the asset prices follow the 
Brownian motion. In order to make a more general conclusion, we should 
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consider more general assumptions. For example, we may neglect the 
distribution of asset prices. Furthermore, in the Merton Model, it allocated 
wealth between consumption and investment. To make it more comprehensive, 
we can include transaction, precautionary and payment for external debt in the 
model. It means allocating reserves among transaction, precautionary motivation, 
paying for external debt, consumption and diversified investment. It is more 
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List of Tables 
Table 1-Optimal Portfolio sets of foreign exchange reserves’ investment 
 
Portfolio set wUSD wGBP wEURO wJPY 
U1G1E1J1 2.54% 2.14% 5.38% 89.94% 
U1G1E5J1 5.06% 4.27% 59.06% 31.06% 
U1G5E1J1 2.52% 11.60% 5.38% 80.50% 
U1G5E5J1 5.02% 23.36% 59.06% 12.56% 
U1G10E1J1 2.38% 44.23% 5.36% 48.03% 
U5G1E1J1 8.77% 2.12% 5.38% 83.73% 
U5G1E5J1 17.62% 4.24% 59.05% 19.09% 
U5G5E1J1 8.76% 11.59% 5.38% 74.28% 
U5G5E5J1 17.06% 23.34% 59.05% 0.01% 
U5G10E1J1 8.68% 44.22% 5.36% 41.74% 
U10G1E1J1 27.39% 2.04% 5.35% 65.22% 
U10G5E1J1 27.38% 11.53% 5.35% 55.74% 
U10G10E1J1 27.34% 44.19% 5.33% 23.14% 
U20G1E1J1 69.03% 1.74% 5.26% 23.97% 
 
Note: This table is the running results from R software. It is based on the 
monthly data from 2004 to 2010. Portfolio set: U1G1E1J1 represents a portfolio 
of USD one year government bond, GBP one year government bond, Euro one 
year government bond and JPY one year government bond; U10G10E1J1 
represents USD ten years government bond, GBP 10 years government bond, 
EURO one year government bond and JPY one year government bond.etc. 
     WUSD is the weight of USD in each portfolio set. WGBP is the weight of 
GBP in each portfolio set. WEURO is the weight of EURO in each portfolio set. 









Table 2-Regression of investment weight and yield, risk and exchange rate 
variability 
 
 Dependent variables 
Independent variable log wUSD wGBP wEURO SqrtwJPY 
aUSD - - -0.129*  - 
vUSD - - 0.053*  - 
aUSD  1.018** - - - 
vUSD -0.286** - - - 
aGBP  - -1.026** - - 
vGBP - -0.766** - - 
ρGBP - 0.473** - - 
aEURO - - 0.645** -0.488** 
vEURO - - -0.462** 0.350** 
ρJPY - - -2.642* - 
 
Note: Stepwise regression in the STATA software. - represents the results that 
are not significant. Sample size is 56 portfolio sets. 
** Significant at the 1 percent level 






















Table 3-List of notation in regression 
Independent variables 
aUSD yield of U.S. government bond 
vUSD variance of U.S. government bond 
aGBP yield of U.K government bond 
vGBP variance of U.K government bond 
ρGBP exchange rate variability of GBP based on CNY 
aEURO yield of Euro government bond 
vEURO variance of Euro government bond 
ρJPY exchange rate variability of JPY based on CNY 
Dependent variables 
log wUSD log form of U.S. government bond weight 
wGBP weight of United Kingdom government bond 
wEURO the weight of Eurozone government bond 














List of Figures 
Fig.1-Foreign exchange reserves in the world from 1995 to 
2010.













Fig.2-Foreign exchange reserves in China. 
 
Source: Annual data from the State Administration of Foreign Exchange 

































































































List of Symbols 
( )R t : FX reserves in China. 




iw t  , 1,2...i n . 
( )C t : the consumption, which is for precautionary and transaction motivation. 
n : the currency kinds of government bonds. 1,2...i n . 
j : the risky asset except i , where {{ }\ }j n i  
i : the yields of asset i . 
i : the variance of asset i , which is a signal of risk. 
 : the discount rate. 
 : the risk aversion coefficient. 
















is the ratio of 
exchange rate j  to i  in the period t  
